


















concepts	 of	 metacognition	 and	 reflection	 together	 into	 a	 conceptual	 model	 within	 which	 we	
conceived	 of	 them	 as	 both	 a	 set	 of	 similar	 features,	 and	 as	 a	 spectrum	 ranging	 from	 the	
unconscious	inner-self	through	to	the	conscious,	external,	social	self.	This	model	was	used	to	guide	

























must	 aim	 to	 educate	 our	 students	 in	 a	way	 that	 prepares	 them	 for	 the	 future,	 equipping	 them	with	
adaptive	capabilities	that	can	flourish	in	this	fluid	environment.	
Historically,	formal	education	has	focused	on	knowledge	of	facts,	and	while	foundational	content	is	still	




for	 the	 learner	without	 them	drawing	upon	metacognitive	abilities	 to	evaluate	 their	 current	 cognitive	




Analytics)	 as	 a	 means	 of	 discovering	 evidence	 of	 metacognitive	 activity	 in	 the	 reflective	 writing	 of	 a	








2 METACOGNITION AND REFLECTION 
In	the	century	since	John	Dewey	 introduced	the	concept	of	reflection	 in	education	(Dewey,	1916),	the	
educational	 community	 has	 increasingly	 considered	 reflection	 an	 important	 part	 of	 learning.	 This	 has	
become	more	focused	since	Flavell	(1976)	defined	the	term	metacognition,	which	encouraged	educators	
to	 embrace	 the	 significance	 of	 thinking	 about	 thinking.	 In	 a	 pedagogical	 context,	 both	 reflection	 and	












in	 turn	 as	 individual	 concepts.	 We	 then	 identify	 key	 similarities	 and	 differences	 between	 them,	 and	
propose	a	conceptual	model	that	encapsulates	these	features.	
2.1 Metacognition 







strategies,	and	strategic	knowledge	 (Quirk,	2006).	Regulatory	 strategies	align	with	 the	monitoring	and	
regulation	aspects	of	Flavell’s	definition,	whereas	strategic	knowledge	incorporates	the	orchestration	and	
goal	aspects.	This	apparently	dual	nature	of	metacognition	 is	also	 identified	by	others,	but	not	always	
along	 the	same	 lines.	For	example,	Amsel	et	al.	 (2008)	examined	 the	 relationship	of	metacognition	 to	
scientific	reasoning,	explicitly	taking	a	dual	process	perspective:	“In	dual-process	theory,	metacognitive	
skills	function	to	regulate	conflicts	between	analytically	and	experientially	based	responses”	(Amsel	et	al.,	
2008,	 p.	 454).	 Amsel	 et	 al.	 defines	 the	 experiential	 as	 heuristic	 and	 automatic,	 comparing	 it	 to	 the	
analytical,	which	is	formal	and	systematic.	These	dimensions	appear	to	accord	somewhat	with	Flavell’s	
1979	model	with	metacognition	experience	and	knowledge;	however,	it	seems	likely	that	Flavell	would	
not	 take	Amsel	et	al.’s	view	of	metacognition	as	a	moderating	skill	 that	overrides	 the	experiential,	 for	
Amsel	et	al.’s	definition	is	specific	to	a	style	of	cognition	that	presents	as	scientific	reasoning,	and	may	not	
translate	to	other	forms	of	cognition.	Lehmann,	Hähnlein,	and	Ifenthaler	(2014)	also	promoted	a	dual	view	
of	 metacognition	 within	 a	 wider	model	 of	 self-regulated	 learning.	 They	 note	 that	metacognition	 can	




The	 view	 that	 metacognition	 is	 a	 trainable	 skill,	 and	 that	 people	 should	 be	 encouraged	 to	 be	 more	
metacognitive,	has	existed	 for	 as	 long	as	 the	 term	 itself.	 Indeed	Flavell	 (1979)	 asserted	 that	 cognitive	

















implicit	 automatic	 mode	 and	 an	 explicit	 controlled	 mode.	 In	 fact,	 he	 proposes	 that	 metacognition,	
particularly	metacognitive	experience,	mediates	between	two	layers	of	consciousness	stating	that	“they	





Somewhat	 like	metacognition,	 reflection	 tends	 to	 be	 a	 concept	 recalcitrant	 to	 crisp	 definition.	Moon	
(1999)	noted	that	a	single	definition	of	reflection	is	elusive,	despite	attention	to	the	topic	over	many	years.	






learning	 settings,	 and	make	 assumptions	 about	 the	 fact	 that	 not	 only	 is	 it	 occurring,	 but	 it	 is	
occurring	effectively	for	everyone	in	the	group.	It	is	easy	to	neglect	as	it	is	something	which	we	
cannot	directly	observe	and	which	is	unique	to	each	learner.	(p.	8)	



















only	what	 they	wish	 about	what	 they	 have	 reflected	 upon.	 Second,	 reflection	 is	 goal	 orientated	 and	




















to	 the	 process	 of	 creating	 the	 self-regulated	 learner.	 He	 stated	 that	 “these	 learners	 monitor	 their	
behaviour	in	terms	of	their	goals	and	self-reflect	on	their	increasing	effectiveness”	(p.	66).	Here	we	see	in	























these	 differences	 in	 Efklides’	 (2008)	 multilevel	 model	 of	 metacognition.	 She	 proposed	 a	 model	 that	
comprises	three	levels:	a	non-conscious	object	level,	the	meta	level	associated	with	personal	awareness,	
and	the	meta-meta	level	associated	with	social	awareness.	Significantly,	this	approach	not	only	relates	
the	 non-conscious	 and	 conscious	 aspects	 of	metacognition,	 but	 also	 introduces	 the	 idea	 of	 reflection	
together	with	metacognition	between	the	personal	awareness	and	social	levels.	
Figure	1:	A	spectrum	view	of	metacognition	and	reflection.	
We	 conceptualized	 this	 difference	 in	 the	 relationship	 between	 metacognition	 and	 reflection	 as	 a	
spectrum,	with	the	internal	inner-self	on	one	end	and	the	external	social-self	on	the	other	(Figure	1).	For	
metacognition,	 the	 left	side	of	 the	spectrum	represents	 the	 implicit,	automated,	non-conscious	mode,	
while	the	centre	includes	the	explicit,	conscious,	controlled	mode	(Koriat,	2000).	For	reflection,	the	right	
side	of	 the	spectrum	represents	 the	external,	 socially	 situated	dimension,	and	 the	centre	 includes	 the	
personal,	internal,	but	conscious	aspect.	We	suggest	that	this	understanding	of	the	relationship	between	






























and	 control	 loop.	 Because	 of	 the	 interrelated	 nature	 of	 monitoring	 and	 controlling,	 we	 tended	 to	
conceptualize	these	as	one	loop,	rather	than	two	independent	components.	We	note	that	the	regulation	
component	also	contains	 initiation	and	objective	 sub-components,	 respectively	 labelled	as	 trigger	and	
goal.	Regulation	is	continually	interacting	with	the	other	two	components:	Knowledge,	which	represents	













relationship	between	 the	model	and	 reflection	can	be	 less	obvious.	To	assist	with	 these	 links,	Table	1	
draws	attention	to	the	applicability	of	the	model	for	both	reflection	and	metacognition.	
2.4 The Use of Reflective Writing 
An	essential	 point	 is	 that	 the	 proposed	model	 centres	 on	 the	 cognition	 of	 the	 learner,	 and	 therefore	
cannot	 be	 analyzed	 directly.	 An	 interface	must	 be	 provided	 between	 this	 conceptual	model	 and	 any	
learning	analytics	that	we	might	hope	to	perform.	In	this	study,	we	have	used	reflective	writing	as	this	
interface.	 Reflective	writing	 is	 an	 existing,	 well-accepted	 learning	 activity,	 enabling	 this	 type	 of	 study	
without	 imposing	 a	 non-related	 task	 on	 the	 learning	 process.	We	 acknowledge,	 of	 course,	 that	 other	
means	of	analyzing	metacognition	exist	(Koriat,	2000).	
Within	 the	 modern	 educational	 context	 introduced	 in	 Section	 1,	 the	 requirement	 to	 move	 towards	
















































a	 reasonable	 approach,	 we	must	 be	 careful	 when	 adopting	 it	 within	 a	 formal	 education	 setting.	 The	
requirement	 to	 measure	 what	 has	 been	 learned	 in	 order	 to	 justify	 the	 importance	 of	 the	 learning	
experience	can	have	a	significant	negative	impact	on	reflective	writing.	“Assessment	involves	presenting	




do	 not	 know	 about	 a	 situation”	 (p.	 10).	 This	 can	 place	 reflective	 writing	 tasks	 in	 direct	 conflict	 with	
summative	assessment,	resulting	in	a	conflict	of	paradigms	between	an	institutional	need	for	a	positivist,	
product-driven	 perspective,	 as	 opposed	 to	 the	 learner’s	 needs	 for	 a	 constructivist	 process-driven	
approach	(Ross,	2011).	This	is	often	seen	when	there	is	a	tendency	to	focus	“on	what	has	been	learned	
rather	 than	on	how	 it	has	been	 learned,	and	 the	emphasis	 is	on	 improving	 the	 reflective	writing	style	
rather	than	on	learning	about	learning	(metacognition)”	(Mair,	2012,	p.	150).	
Our	 approach	 avoids	 these	 issues	 by	 focusing	 on	 the	 discovery	 of	 metacognitive	 activity	 through	 a	
learner’s	writing	without	 requiring	 the	use	of	 summative	 assessment.	 This	 approach	 could	potentially	
provide	automated	feedback	derived	from	the	analytics	to	the	learner.	Using	this	approach,	metacognitive	
activity	and	reflection	can	be	encouraged	directly	within	the	learning	process,	rather	than	via	assessment.	











a	 requirement	 of	 the	 unit;	 however,	 the	 nature	 of	 this	 requirement	 and	 the	 extent	 to	 which	 it	 was	
assessed,	 differed	 markedly.	 All	 data	 in	 this	 study	 is	 drawn	 from	 reflections	 written	 using	 the	 web	
application.	
	
                                                
1	GoingOK	was	written	by	Andrew	Gibson	as	part	of	a	QUT	Education	research	project	that	collected	the	reflections	of	early	career	








	 Full	Data	Set	 DS-E	 DS-S	 DS-I	
Reflections	 N=6,090	 188	 740	 5,162	
Authors	 657	 35	 145	 477	













We	 linked	 the	 conceptual	 model	 to	 the	 reflective	 text	 indicators	 via	 an	 algorithm	 that	 progressively	













(McCallum,	 Rohanimanesh,	 Wick,	 &	 Schultz,	 2008)	 with	 a	 pre-trained	 parser	 model	 based	 on	 the	
OntoNotes	English	corpus.	While	this	is	not	reflective	writing	specific,	it	provides	state	of	the	art	accuracy	
in	POS	tagging	and	has	proved	effective	for	the	purposes	of	exploring	the	potential	of	the	approach.	
Informed	 by	 both	 the	 literature	mentioned	 above	 and	 exploratory	 trials	 on	 the	 data,	we	 selected	 17	
phrase	tag	patterns	that	captured	a	range	of	potentially	meaningful	phrases.	These	were	based	on	the	5	
general	POS	patterns	 listed	 in	Table	3.The	final	phraseTags	were	obtained	by	filtering	the	POS	pattern	
matching	 results	 by	 a	 lexicon	 for	 each	 phraseTag.3	 The	 filtering	 lexicons	 were	 derived	 by	 manually	































































































































single	 individual	 reflections	 (even	 short	 reflections),	 and	 that	we	 gained	more	 information	 about	 the	
author’s	metacognitive	activity	by	keeping	the	reflections	separate	for	analysis,	and	then	considering	the	
resultant	 analysis	 as	 a	 whole	 with	 respect	 to	 each	 author,	 such	 as,	 for	 example,	 the	 frequency	 of	
metacognitive	activity.	
3.4 Categorization of Metacognitive Activity 
 
As	this	work	was	exploratory	in	nature,	we	took	a	cautious	approach	with	respect	to	the	granularity	of	the	
analysis.	 We	 settled	 on	 three	 categories	 of	 reflective	 writing:	 1)	 reflections	 that	 showed	 significant	
evidence	of	metacognitive	activity,	termed	“strong”	reflections;	2)	reflections	that	showed	very	little	or	
no	evidence	of	metacognitive	activity,	 termed	“weak”	reflections,	and	3)	 reflections	that	were	neither	





















reflections	 revealed	 a	 correlation	 between	 the	 reflections’	 sentence	 counts	 and	 the	 anomalies	 in	 the	




It	was	 found	 in	early	experimentation	 that	 the	computational	analysis	was	biased	 to	deem	reflections	
comprising	a	small	number	of	sentences	as	“strong.”	This	was	due	to	a	metric	called	subTagDensity,	which	
normalized	tag	counts	to	the	number	of	sentences	by	taking	the	total	number	of	sub-component	tags	and	




this	 issue	 by	modifying	 subTagDensity	 to	 divide	 by	 the	 log	 of	 the	 sentence	 count	 (instead	 of	 just	 the	





being	 categorized	 as	 weak,	 then	 they	 were	 tagged	 as	 possibleWeak.	 We	 examined	 the	 resultant	











































	 All	 %	 DS-E	 %	 DS-S	 %	 DS-I	 %	
Strong	 837	 13.8%	 4	 2.1%	 59	 8.0%	 774	 15.0%	
Weak	 4,180	 68.6%	 160	 85.1%	 564	 76.2%	 3,456	 67.0%	
Undeter
mined	
1,073	 17.6%	 24	 12.8%	 117	 15.8%	 932	 18.0%	








































































progress	to	the	lecturer	.	 	 	 	
falseNeg	 It	is	always	difficult	to	initiate	
a	project	,	where	every	move	













	 Positive	 Negative	 Total	 %	
true	 55	 156	 211	 78%	
false	 15	 46	 61	 22%	
 
Further	 analysis	 of	 the	non-matching	 classifications	was	 conducted	 to	determine	how	 these	might	be	
avoided.	For	the	false	positives,	we	found	that	nine	of	the	15	related	to	a	metaTag	of	knowledge,	and	
could	 have	 been	 classified	 as	 true	 negatives	 if	 the	 trigger	 subTag	 was	 used	 to	 prevent	 tagging	 as	
knowledge.	We	also	found	that	this	would	result	in	no	additional	true	positives.	In	addition,	five	of	the	
false	positives	were	based	on	the	regulation	metaTag	and	all	of	these	instances	were	bracketed	by	true	

























	 Author	1	 %	 Author	2	 %	 Author	3	 %	 Author	4	 %	
false	positives	 11	 0.1%	 2	 0.5%	 0	 2.0%	 2	 1.2%	
false	negatives	 23	 0.9%	 11	 0.5%	 3	 0.0%	 9	 0.6%	
true	pos	&	neg	 121	 1.9%	 41	 2.7%	 15	 2.0%	 34	 2.6%	






evaluation	with	 sentences	 from	authors	with	mostly	weak	 category	 reflections.	 That	 is,	 a	 selection	of	
reflections	 based	 on	 authors	 with	 three	 or	more	weak	 reflections.	We	 used	 the	 DS-E	 dataset,	 which	
yielded	a	total	of	437	sentences	for	22	authors.	Like	the	previous	check,	we	manually	coded	the	data	for	
false	 positives,	 false	 negatives,	 true	 positives,	 and	 true	 negatives	 (see	 Table	 11).	 Overall,	 we	 were	
encouraged	 by	 finding	 very	 similar	 results	 to	 the	 previous	 study,	 with	 80%	 matching,	 and	 20%	 not	
matching	 (compared	with	78%	and	22%	respectively	 from	the	strong	authors).	A	differentiating	 factor	





	 Positive	 Negative	 Total	 %	
true	 53	 296	 0	 80%	


























From	 the	 checks,	 we	 determined	 that	 only	 two	 changes	 to	 the	 algorithm	 would	 not	 have	 adversely	
affected	the	evaluation	data.	Both	of	these	changes	related	to	the	strong	author	sentences.	











































this	author	wrote	15	reflections	with	only	 five	of	 them	having	fewer	than	20	sentences.	However,	 the	
large	amount	of	text	for	this	author	also	highlighted	patterns	in	the	phraseTags	that	were	not	immediately	
obvious	 with	 smaller	 reflections.	 For	 example,	 there	 appeared	 to	 be	 a	 very	 large	 number	 of	
















that	we	might	need	 to	 fine-tune	 the	classification	algorithm	around	 the	boundary	between	weak	and	




















	 Bottom	 Lower	 Middle	 Upper	 Top	 All	
Rank	 -8.0	to	-4.7	 -4.69	to	-3.1	 -3.09	to	-0.01	 0	to	2.22	 2.23	to	8.0	 -8.0	to	8.0	
Authors	 47	 100	 173	 106	 49	 475	
Reflections	 876	 1,161	 1,621	 785	 559	 5,002	
Mean	refs	 20.33	 12.99	 11.6	 12.7	 13.59	 13.85	
Min	refs	 12	 5	 3	 1	 3	 1	
Max	refs	 33	 31	 26	 27	 25	 33	
Std	Dev	 6.06	 4.62	 5.11	 6.12	 4.6	 6.12	
Strong	 16	 24	 179	 238	 304	 761	
Weak	 790	 991	 1,043	 359	 137	 3,320	
Undeterm.	 70	 146	 399	 188	 118	 921	
Strong	%	 1.8%	 2.0%	 11.0%	 30.3%	 54.4%	 15.2%	
Weak	%	 90.2%	 85.4%	 64.3%	 45.7%	 24.5%	 66.4%	









between	 the	 number	 of	 reflections	 and	 overall	 metacognitive	 activity	 could	 benefit	 from	 further	
investigation,	as	this	may	have	important	implications	for	the	teaching	of	reflective	writing.	









the	 conceptual	 model	 would	 benefit	 from	 further	 work	 in	 this	 area.	 A	 greater	 understanding	 of	 the	

















































omitted	 or	 inadvertently	 included,	 depending	 on	 the	 parameters	 and	 underlying	 lexicons.	 We	
acknowledge	 much	 room	 for	 improvement	 in	 disambiguation,	 pattern	 matching,	 and	 more	
comprehensive	lexicons	and	filtering	processes.	





in	particular,	 investigating	the	differences	between	short,	 recurrent	reflection	and	 longer	 form,	single-
instance	reflection.	The	algorithm	itself	presents	many	opportunities	for	further	refinement,	and	would	








5.3 Final Remarks 
Overall,	 the	 approach	 presented	 here	 to	 discovering	 learner	 metacognition	 through	 the	 analysis	 of	
reflective	writing	shows	demonstrated	potential,	and	we	consider	it	worth	pursuing	in	further	research.	
While	this	could	be	used	directly	for	the	purpose	of	generating	reflective	writing	analytics,	we	identified	
potential	 for	 significant	 impact	 in	 the	 field	of	 learning	analytics	by	developing	 the	 software	 further	 to	
include	feedback	to	the	learner.	More	broadly,	this	paper	is	an	initial,	yet	significant,	step	towards	a	form	
of	analytics	centred	upon	metacognition	and	reflection.	We	have	presented	a	way	in	which	the	detection	
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filter	 startsWithAny	(like)	 	 startsWithAny	(in)	
phraseT
ag	
compare	 	 pertains	
match	 selfPossessive	OR	compare	OR	manner	
subTag	 knowledge	
metaTag	 knowledge	
